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,QWURGXFWLRQ
7KLVSDSHUZLOOJLYHDQRYHUYLHZRYHUUHFHQWDFWLYLWLHVDQGFRQVLGHUDWLRQVFRQVWUXFWLQJDVHWXSIRUFRQVROLGDWLQJ
PHWDOSRZGHUVLQWRREMHFWVE\PHDQVRIODVHUUDGLDWLRQDOVRNQRZQDVSRZGHUEHGIXVLRQ$670,QWHUQDWLRQDO
&RPSOHWH V\VWHPV DUH LQGXVWULDOO\ DYDLODEOH IURP YHQGRUV \HWPHQWLRQHG V\VWHPV KDYH WKHPDMRU GUDZEDFN WKDW
SURFHVVSDUDPHWHUV IRU DOO VXEV\VWHPVDUHSUHGHILQHGE\ WKHYHQGRU DQG WKHUHIRUHQRW DFFHVVLEOH WR WKH HQGXVHU
&RPPHUFLDOV\VWHPVDUHRIWHQOLPLWHGWRSURSULHWDU\VRIWZDUHDQGIHHGVWRFNSRZGHUV)URPWKHXVHUVSHUVSHFWLYHWKLV
LVPRVWO\ILQHDVLWHQVXUHVSURFHVVVWDELOLW\EXWIURPDUHVHDUFKSRLQWRIYLHZLWLVXQDFFHSWDEOH7KHPRWLYDWLRQIRU
FRQVWUXFWLQJDQH[SHULPHQWDOSRZGHUEHGIXVLRQV\VWHPLVWKHUHIRUHWRXQFDSWKHSRVVLELOLWLHVRISRZGHUEHGIXVLRQ
SUHVHQWHGE\PRGLI\LQJDQGRSWLPL]LQJVXEV\VWHPVDQGDFKLHYHIXOOFRQWURORYHUMRESODQQLQJDQGVFDQVWUDWHJLHV
$JHQHUDOH[DPSOHRIVXFKDVHWXSFDQEHVHHQLQ)LJ7KHVHWXSFRQVLVWVRIIROORZLQJPRGXOHV
x /DVHUVRXUFH
x 6FDQQHUV\VWHP
x 6FDQZLQGRZ
x 3RZGHUGHOLYHU\V\VWHP
x 3RZGHUEHG

)LJ*HQHUDOIXQFWLRQDOLW\
,QGXVWULDOV\VWHPVDUHHTXLSSHGZLWKRQHRUVHYHUDOILEHUODVHUVFDSDEOHRIGHOLYHULQJDQRXWSXWLQWKHUDQJH:±
:$VFDQQHUV\VWHPLVXVHGWRPDQHXYHUWKHODVHUEHDPDURXQGWRVHOHFWLYHO\FRQVROLGDWHWKHSDUWLFOHVLQWKH
SRZGHUEHG7KHVFDQQHUV\VWHPXVXDOO\FRQVLVWVRIWZRJDOYDQRPHWULFPLUURUVDQGDITOHQVSURYLGLQJVFDQVSHHGV
XSWRPV7KHSRZGHUGHOLYHU\V\VWHP3'6XVHVHLWKHUDVFUDSHURUDUROOHUWRFRDWDQGUHFRDWWKHSRZGHUEHG
ZLWKDXQLIRUPOD\HUWKLFNQHVVDQGGHQVLW\PLQLPXPOD\HUWKLFNQHVVRIPP7KHPDWHULDOSURFHVVLQJWDNHVSODFH
LQDFKDPEHUZLWKSURWHFWLYHDWPRVSKHUH
7KLVSDSHULVGLYLGHGLQWRWKUHHSDUWVIRFXVHGRQSURJUDPPLQJWKHRSWLFDOV\VWHPDQGSRZGHUKDQGOLQJUHVSHFWLYHO\
3URJUDPPLQJ
(QYHORSLQJWKHHQWLUHSURFHVVLQWRDFRKHUHQWVRIWZDUHSODWIRUPDOORZVIXOOFRQWURORIWKHSRZGHUEHGFRQVROLGDWLRQ
7KHSURFHVVLVJURXSHGLQWRGLIIHUHQWVWDJHVVHH)LJ,QLWLDOO\WKHFRPSXWHUDLGHGGHVLJQ&$'LVVWRUHGDVDQ67/
ILOHEHLQJWKHGHIDFWRVWDQGDUGIRUPDWXVHGLQDGGLWLYHPDQXIDFWXULQJ$01H[WWKH67/ILOHLVSURFHVVHGWKURXJK
DVOLFHUVRIWZDUHJHQHUDWLQJDMREILOHLQIRUWKHIRUPRIJFRGHDQXPHULFDOFRQWUROODQJXDJH(IILFLHQF\LVLQFUHDVHG
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E\DGGUHVVLQJFRPSXWDWLRQDOKHDY\ WDVNVSULRU WRSURGXFWLRQ ,QWHUSUHWLQJ WKH 67/ILOH FKDQJLQJ MRESDUDPHWHUV
SURFHVVVHWWLQJVDQGDFWXDOO\JHQHUDWLQJWKHMREILOHLVDOOWDVNVWKDWIDOOVLQWKLVFDWHJRU\DQGLVWKHUHIRUHFDUULHGRXW
RQDGHGLFDWHGZRUNVWDWLRQSUHSURGXFWLRQ7UDQVPLWWLQJWKHFRQWHQWRIWKHMREILOHLVGRQHLQVLWXRQHFRPPDQGDWD
WLPHDZDLWLQJDQµRN¶IURPWKHPLFURFRQWUROOHUVHQGDVFRQILUPDWLRQRIH[HFXWLRQEHIRUHVHQGLQJWKHFRQVHTXHQW
FRPPDQG)LJ

)LJ6FKHPDWLFVRISURFHVVIORZ
*HQHUDWLRQRIWKHMREILOHLVGRQHLQDFXVWRPPDGHVOLFHUVHH)LJGHYHORSHGWRJLYHIXOODFFHVVWRWKHSODQQLQJ
SURFHVV7KH&$'ILOHKDVWREHSDUVHGWKURXJKDVOLFHUGLYLGLQJWKHJHRPHWU\LQWRFURVVVHFWLRQVZLWKDSUHGHILQHG
OD\HUWKLFNQHVV7KHVOLFHUDOORZVDGMXVWPHQWVRIJHRPHWULFDOWUDLWVDVVL]HDQGRULHQWDWLRQEXWDOVRMRESDUDPHWHUVDV
VFDQVSHHGKDWFKGHQVLW\DQGPRUH7KHFURVVVHFWLRQVDUHWKHQFRQYHUWHGLQWRWRROSDWKVJFRGHLQFOXGLQJWKHH[WUD
SDUDPHWHUVWKDWDUHQRWGLUHFWO\UHODWHGWRWKHJHRPHWU\HJODVHURQRIIDQGVSHHG7KHVHFRGHVDUHVWRUHGLQDMREILOH
DQGVHQWYLDDFXVWRPPDGHJFRGHVHQGHUWRWKHPLFURFRQWUROOHUZKLFKLVUHVSRQVLEOHIRUVHQGLQJWKHUHOHYDQWVLJQDOV
WRWKHODVHUDQGRWKHUFRPSRQHQWV

7KHJUDSKLFDOXVHULQWHUIDFH*8,GLVSOD\HGLQ)LJHQDEOHVLPSOHPHQWDWLRQRIDQ\67/ILOHHDV\SDUDPHWHU
FKDQJHDQGDYLVXDOIHHGEDFNJLYLQJWKHRSHUDWRUIXOOFRQWURORIWKHMRESODQQLQJ


)LJ*8,RIVOLFHU&XUUHQWFDVHLVD'78ORJRLVORDGHGDQGVOLFHGLQWRWKUHHOD\HUVZLWKDOD\HUKHLJKWRIPP

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2SWLFDOV\VWHP
7KHV\VWHPKDVEHHQHTXLSSHGZLWKDD[LVVFDQQHUV\VWHPIURP7KRUODEV*96FRQVLVWLQJRIWZRPLUURUV
PRXQWHGLQGLYLGXDOO\RQWRJDOYDQRPHWHUVJDOYR7KHVHWXSLVFRQWUROOHGE\DPLFURFRQWUROOHU$UGXLQR580%$
VHH)LJWKHGLJLWDOVLJQDOIURPWKHPLFURFRQWUROOHUKDVWREHFRQYHUWHGWRDQDQDORJXHSRVLWLRQVLJQDOXQGHUVWRRG
E\WKHJDOYDQRPHWHUV7KLVLVGRQHWKURXJKWZRGLJLWDOWRDQDORJXHFRQYHUWHUV'$&FRQWUROOHGYLD,&EXV
SURWRFROFXUUHQWO\WKH'$&KDVDUHVROXWLRQRIELW7KHVWDWHRIWKHODVHULVFRQWUROOHGIURPWKHPLFURFRQWUROOHU
YLDWUDQVLVWRUWUDQVLVWRUORJLF77/VLJQDOV

)LJ6FKHPDWLFUHSUHVHQWDWLRQRIWKHFRQWURORIWKHRSWLFDOV\VWHP
7KHFXVWRPPDGHILUPZDUHRQWKHPLFURFRQWUROOHUWUDQVODWHVWKHFRPPDQGVIURPWKHMREILOHLQWRDFWLRQV
&XUUHQWVHWXSLVGLVFUHWHDQGOLPLWHGE\WKHELWUHVROXWLRQRIWKH'$&¶V(DFKFRPPDQGVHQGFDUULHVLQIRUPDWLRQ
RIWKHHQGSRVLWLRQRIWKHVFDQQHUPLUURUVGHVLUHGVSHHGDQGVWDWHRIWKHODVHU7KLVPHDQVWKDWPRYHVDUHVWULFWO\
VWUDLJKWOLQHVHJPHQWV7RDSSUR[LPDWHVWUDLJKWOLQHVLQWKHGLVFUHWHV\VWHPWKHLQFUHPHQWDOFRQWURORIWKHVFDQ
PLUURUVDUHKDQGOHGE\%UHVHQKDPVOLQHGUDZLQJDOJRULWKPGHVFULEHGE\-R\7KHKLJKHVWSRVVLEOHSRVLWLRQDO
FRQWUROLVDFKLHYHGE\XWLOL]LQJDOOSRVVLEOHLQWHUPHGLDWHSRVLWLRQVDOORZHGE\WKHELWUHVROXWLRQ
7KHEHDPLVVKDSHGWKURXJKDPPITOHQV)7+7KHPRYHPHQWRIJDOYDQRPHWHUVDOWHUVWKH
LQFLGHQWDQJOHRIWKHODVHUEHDP8VLQJDUHJXODUIODWILHOGVFDQOHQVWKHGLVSODFHPHQWLQWKHLPDJHSODQHZRXOGEH
QRQOLQHDUDQGUHODWHWRWDQߠ&KDQJLQJWKHLQFLGHQWDQJOHZRXOGOLNHZLVHGLVWRUWWKHVSRWJHRPHWU\7KHXVHRIWKH
IߠVFDQOHQVQHJDWHVWKHQRQOLQHDURIIVHWGLVWRUWLRQDQGHQVXUHVDFRQVWDQWOLQHDUGLVSODFHPHQWUHODWLQJWRWKHIRFDO
OHQJWKIDQGWKHLQFLGHQWDQJOHߠ7KLVPHDQVWKDWWKHURWDWLRQDOYHORFLW\RIWKHVFDQPLUURUVFDQEHNHSWFRQVWDQW
IRUDFRQVWDQWYHORFLW\DFURVVWKHLPDJHSODQH
7KHPRYLQJVSHHGDQGDFFXUDF\RIWKHVFDQQLQJV\VWHPDQGWKHIRFDOSRLQWSRVLWLRQKDVEHHQYHULILHGDGRSWLQJ
WKHPHWKRGSURSRVHGE\+DQVHQDQG'H&KLIIUHPHDQWIRUYDOLGDWLQJFRRUGLQDWHPHDVXULQJPDFKLQHV&00¶V
SDLQW±FRYHUHGVWHHOSODWHVDUHLQVFULEHGZLWKDJULGRIFLUFOHVVHH)LJ

)LJ3DWWHUQRIFLUFOHVGLDPHWHUPPDQGPPFHQWHUWRFHQWHUGLVWDQFH
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$QRSWLFDO&1&PHDVXULQJGHYLFH'HPHHW LV XVHG WRPHDVXUH WKH DFWXDO SRVLWLRQRI WKH FLUFOHVLQVFULEHG
H[SRVLQJWKHHUURURIWKHSRVLWLRQDOHUURURIWKHRSWLFDOV\VWHPVHH)LJ
)LJ2IIVHWRIFLUFOHFHQWUHFRRUGLQDWHVFRPSDUHGWRLQWHQGHGRIIVHWVFDOHG[DVFDQVSHHGGHJPLQEVFDQVSHHGGHJPLQ

7KHEOXHOLQHVLQGLFDWHWKHSRVLWLRQDORIIVHWIURPQRPLQDOWRWKHDFWXDOSRVLWLRQHQODUJHGE\DIDFWRU
)LJVKRZVWKDWORZHUVFDQQLQJVSHHGVZKHUHWKHJDOYDQRPHWHUVPRYHVE\GHJPLQKDYHDQHJOLJLEOHSRVLWLRQDO
HUURUEXWLQFUHDVLQJWKHVFDQVSHHGWRGHJPLQHQODUJHVWKHSRVLWLRQDOHUURU
,QYHVWLJDWLQJWKHVFDQQLQJVSHHGWKHODVHULVVHWWRSXOVHDWDNQRZQIUHTXHQF\7KHVFDQQHUV\VWHPLVWKHQVHWWR
PRYHIURPPLQLPXPWRPD[LPXPILUVWDORQJRQHD[LVDWDWLPHDQGODVWO\GLDJRQDOO\7KHGLVWDQFHEHWZHHQWKHPDUNV
OHIWE\WKHSXOVHVRQWKHWHVWSODWHUHYHDOVWKHVSHHGDFURVVWKHVFDQILHOGIRXQGWREHFRQVWDQW,QWKHFXUUHQWVHWXS
WKHPD[LPXPVSHHGLVOLPLWHGE\WKHSURFHVVLQJVSHHGRIWKHPLFURFRQWUROOHUDQGLVFXUUHQWO\DWPPLQ$OOWKH
GLVFUHWHSRVLWLRQV LQHDFKPRYHFRPPDQGLVXWLOL]HGHQVXULQJ WKHKLJKHVWSRVLWLRQDOFRQWURO$OOQRQODVHUPRYHV
ZKHUHSRVLWLRQDODFFXUDF\LVQRWLPSRUWDQWLVGRQHLQVWDQWO\DQGWKHUHIRUHWKHRYHUDOOMREWLPHLVNHSWORZ
7KHILUPZDUHPLFURFRQWUROOHUDQGVFDQQHUV\VWHPDUHVXFFHVVIXOLQUHSURGXFLQJWKHJHRPHWULFDOWUDLWVRIWKHVOLFHG
SDUW7KHSDUDPHWHUVDUHDOWHUHGYLDWKHFXVWRPPDGH*8,DQGH[SHULPHQWDOO\XVHG7KHSODWIRUPFRQVWUXFWHGVKRZV
WREHYLDEOHLQDFFXUDF\DQGFXVWRPL]DELOLW\
3RZGHUGHOLYHU\
7RKDQGOHWKHSRZGHUHIILFLHQWO\LWLVQHFHVVDU\WRNQRZWKHSURSHUWLHVRIWKHSRZGHULQTXHVWLRQ*UDLQVL]HVKDSH
VL]HGLVWULEXWLRQDQGPDWHULDOSOD\VDVLJQLILFDQWUROHLQWKHTXDOLW\RIWKHILQDOSURGXFW)RULQVWDQFHWKHSUHVHQFHRI
ELJSDUWLFOHVLQWKHSRZGHUZLOOLPSURYHWKHGXFWLOLW\EXWWKHXOWLPDWHWHQVLOHVWUHQJWKZLOOGHFUHDVHDVSUHVHQWHGE\
6SLHULQJVHWDO2YHUDOOLWLVQHFHVVDU\WRDFKLHYHWKHKLJKHVWOHYHORIGHQVLW\SRVVLEOH
:KLOHGLVWULEXWLQJWKHSRZGHUWKHEXLOGLQDELOLW\WRIORZLVDQLPSRUWDQWIHDWXUHRIWKHSRZGHU7KH+DXVQHUUDWLR
*HOGDUWHWDOJLYHVDQLQGLFDWLRQRIWKHIORZDELOLW\RIDSRZGHU7KHUDWLRGHILQHGLVWKHUHODWLRQEHWZHHQ
WDSSHGGHQVLW\DQGDSSDUHQWGHQVLW\
apparent
tappedH
U
U
   
D E
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
3RZGHUVZLWKJRRGIORZDELOLW\ZLOOJDLQOLWWOHLQWHUPVRIGHQVLW\E\IRUFLQJWKHFRPSDFWLRQ,QWDEOHWKHUHODWLRQ
EHWZHHQUDWLRDQGIORZDELOLW\LVSUHVHQWHG

  7DEOH+DXVQHUUDWLRDQGIORZDELOLW\
)ORZDELOLW\ +DXVQHUUDWLR
([FHOOHQW ±
*RRG ±
)DLU ±
3DVVDEOH ±
3RRU ±

,IWKHGHQVLW\RIWKHSRZGHULVVWLOOQRWVDWLVIDFWRU\RQHPXVWFRQVLGHUWKHVL]HGLVWULEXWLRQRIWKHJUDLQV$SRZGHU
ZLWKDYHU\QDUURZ*DXVVLDQGLVWULEXWLRQRIUHODWLYHO\ELJVL]HJUDLQVZLOOLQFOXGHDKLJKOHYHORIJDSVHYHQLILWKDVD
JRRGIORZDELOLW\)LJ

)LJ9RLGVEHWZHHQSDUWLFOHV
$VWKHSDUWLFOHVFROODSVHZKHQPHOWHGWKHVROLGLILHGPDWHULDOZLOOWDNHXSOHVVVSDFHWKDQWKHFRUUHVSRQGLQJSRZGHU
GLG1RWRQO\LVWKHUHQRZPLVVLQJSRZGHUDURXQGWKHVROLGLILHGPDWHULDOEXWWKHSULQWHGSDUWZLOOQRWKDYHWKHH[SHFWHG
GLPHQVLRQV
2QHFRPPHUFLDOO\DYDLODEOHSRZGHULVWKHJDVDWRPL]HGPDUDJLQJVWHHO06IURPYHQGRU(26GHVLJQHGIRU
XVHLQSRZGHUEHGIXVLRQV\VWHPVVHH)LJ7KHVSKHULFDOQDWXUHRIWKHJDVDWRPL]HGSRZGHUSDUWLFOHVWHQGVWRSDFN
)LJ6(0LPDJHRI(2606VSKHULFDOJDVDWRPL]HGSRZGHUSDUWLFOHV
 Sebastian Aagaard Andersen et al. /  Physics Procedia  89 ( 2017 )  3 – 10 9
PRUHHIILFLHQWO\DVSURSRVHGE\(JJHUHWDO,W LVDQREYLRXVVROXWLRQWRPL[WZRRUPRUHEDWFKHVRIVL]H
GLVWULEXWLRQVVRWKDWWKHVPDOOSDUWLFOHVFDQILOORXWWKHYRLGVEHWZHHQWKHODUJHUSDUWLFOHV7KHGLDPHWHUUDWLRVKRXOG
EHRUKLJKHUZLWKVPDOOSDUWLFOHVWRKDYHDQHIIHFWEXWWKHQDQLQFUHDVHLQSRZGHUGHQVLW\RIXSWRLV
SRVVLEOH'RLQJWKLVRQHPXVWFRQVLGHUWKHSURSHUKDQGOLQJPHFKDQLVPVRIWKHSRZGHUWRDYRLGSRZGHUVHJUHJDWLRQ
$KPDGDQG6PDOOH\
7KHSULQWLQJ DUHDRI DQ\PDFKLQH LVPDGHHVVHQWLDOO\RI WZRSDUWV WKHSRZGHUGHOLYHU\ V\VWHP 3'6 DQG WKH
SULQWLQJFRPSDUWPHQW7KHODWWHULVDFDYLW\ZLWKDVWDJHWRPRYHWKHSRZGHUEHGXSRUGRZQVHH)LJ7KLVPRYLQJ
EXLOGSODWHKDVWREHVHDOHGDJDLQVWWKHZDOOVVRWKDWWKHSRZGHUFDQQRWH[LWDQGSUHYHQWDWPRVSKHULFDLUIURPHQWHULQJ
,WLVOLPLWHGKRZPDQ\ZD\VWKLVFDQEHGRQHDQGWKHLQIOXHQFHRQWKHILQDOSURGXFWLVLQVLJQLILFDQWDVORQJDVWKH
VHDOLQJZRUNV,QWKLVFDVHWKHYHUWLFDOPRYHPHQWRIWKHSRZGHUEHGLVWHVWHGDWPPLQFUHPHQWVZLWKGHYLDWLRQV
ORZHUWKDQIRUPRVWRIWKHGDWDSRLQWV
7KH3'6RQWKHRWKHUKDQGKDVDVLJQLILFDQWLQIOXHQFHRQWKHRXWFRPHRIWKHSULQWMREGHSHQGLQJRQWKHIORZDELOLW\
RIWKHSRZGHU7KHVKDSHDQGLQWHUSDUWLFXODUIULFWLRQEHWZHHQWKHGLIIHUHQWSDUWLFOHVJRYHUQVKRZZHOOWKHSRZGHU
IORZV0DWHULDOVZLWKORZIORZDELOLW\PXVWEHIRUFHGLQWRKLJKGHQVLW\OD\HUV
)RUWKHSUHVHQWVHWXSLWLVGHFLGHGWRFRQVWUXFWDQRWKHUPRGXODUV\VWHPDVFDQEHVHHQLQ)LJ


)LJ6FKHPDWLFVRISRZGHUGHOLYHU\V\VWHP
7KHGLIIHUHQWWRROVRQWKH3'6DOORZXVLQJWKHEHWWHUWRROIRUWKHMREE\URWDWLQJWKHUHYROYHUDQGEULQJDQHZWRRO
LQWRZRUNLQJSRVLWLRQ7KHUHDIWHUDQD[LVZLOO WUDQVIHU WKH WRRODFURVV WKHEXLOGSODWH ,IQHFHVVDU\DOO WRROVFDQEH
RSWLPL]HGRUFKDQJHG
7KHEODGHXVHGWRUHFRDWWKHSRZGHUEHGLVHVVHQWLDOO\DNQLIHZLWKDVWUDLJKWHGJH7KLVKDVWREHFDOLEUDWHGWR
HQVXUHWKHHGJHLVSDUDOOHOWRWKHEXLOGSODWH7KHUROOLVQRWSDVVLYHEXWZLOOEHVHWWRUROOFRXQWHUGLUHFWLRQWRWKH
PRYHPHQW1RWFRXQWHUUROOLQJOHDGVWRDEXLOGXSRIPDWHULDOWKDWLVXQZDQWHGDVLWFDXVHVGLIIHUHQFHLQOD\HUWKLFNQHVV
LQ WKH LQGLYLGXDO OD\HU'LDPHWHU DQG VXUIDFH RI WKH UROO FDQ EH FKDQJHG )RU VRPHPDWHULDOV SUHKHDWLQJ FDQ EH
QHFHVVDU\WKHUHIRUHDKHDWLQJHOHPHQWLVDYDLODEOH
$JHQHUDOSUREOHPRI$0RIDQ\NLQGLVYHULI\LQJWKDWWKHSURGXFWKDVWKHGHVLUHGGLPHQVLRQVDQGJHRPHWULHV
7KHUHIRUHDURRPIRUDQLQVSHFWLRQV\VWHPKDVEHHQOHIWRSHQRQWKHUHYROYHU
8VLQJDEODGHDVUHFRDWLQJWRROWKHDPRXQWRISRZGHUGHSRVLWHGRQWKHSRZGHUEHGLVPHDVXUHGDIWHUHDFKSDVVRI
WKHUHFRDWHUDWDOD\HUKHLJKWRIPPVKRZLQJWKDWWKHSRZGHUFRYHUDJHRIWKHSRZGHUEHGVHHPVWREHLQGHSHQGHQW
RQWKHWUDQVYHUVHVSHHGRIWKHUHFRDWHU
 
7UDQVYHUVH
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&RQFOXVLRQ
,QYHVWLJDWLRQ DQG FRQVWUXFWLRQ RI DPRGXODU SRZGHU EHG IXVLRQ SODWIRUP IRU DGGLWLYHPDQXIDFWXULQJ KDV EHHQ
UHDOL]HG7KURXJKRXWWKLVSURFHVVWKHGHPDQGVDQGXQGHUVWDQGLQJRIDFRPSOHWHO\XVHUFRQWUROOHGV\VWHPKDYHEHFRPH
LQFUHDVLQJO\FOHDU)XOOFRQWURORIWKHSURFHVVLVJUDQWHGRQO\LIDOOVXEV\VWHPVDUHFDUHIXOO\FRQWUROOHGDQGXQGHUVWRRG
7KHUHIRUHWKHVRIWZDUHSODWIRUPLVNH\WRHIILFLHQWFRQWURORIWKHVXEV\VWHPV7KHSODWIRUPRIWKHFXVWRPMRESODQQHU
LVFKRVHQWRDOORZIXWXUHLPSOHPHQWDWLRQRIFRPSXWDWLRQDOKHDYLHUVLPXODWLRQV
7KHRSWLFDOV\VWHPFDQGHOLYHUVFDQQLQJVSHHGVXSWRPPLQZLWKUHDVRQDEOHJHRPHWULFDODFFXUDF\*HRPHWULFDO
DFFXUDF\KDVXQWLOQRZRQO\EHHQWHVWHGRQDVWHHOSODWHV7KHSRZGHUGHOLYHU\V\VWHPVKRZVSURPLVLQJWUDLWVEXWWKH
SRVLWLRQDODFFXUDF\RIWKHEODGHUROOUHOLHVRQDVWHSSHUPRWRULIWKHKROGLQJWRUTXHLVVXUSDVVHGWKHSRVLWLRQEHFRPHV
XQNQRZQDQGLVWKHUHIRUHXQXVDEOH3RVLWLRQDOIHHGEDFNPXVWEHLQFOXGHGWRRYHUFRPHWKLVFKDOOHQJH
.QRZOHGJH DQG FDUHIXO LPSOHPHQWDWLRQ RI EXLOGPDWHULDO HOHFWURQLFV DQGPHFKDQLFDO HOHPHQWV DUH YLWDO IRU D
UHOLDEOH DQG VWDEOH SURFHVV 7KURXJK FRQVLGHUDWLRQV RQ SUHSURFHVVLQJ SRZGHU SURSHUWLHV RSWLFDO V\VWHPV DQG
SURFHVVLQJDQRSHQSRZGHUEHGIXVLRQSODWIRUPKDVEHHQGHYHORSHGDOORZLQJIXOOSDUDPHWHUFRQWURODQGH[SHULPHQWDO
LPSOHPHQWDWLRQ
)XWXUH:RUNV
'XULQJWKHGHYHORSPHQWRIWKHSRZGHUEHGIXVLRQSODWIRUPWKHFRQFHSWRIWKHQH[WJHQHUDWLRQULJKDVHYROYHG7R
REWDLQLQIRUPDWLRQDERXWWKHSURFHVVLQVLWXIXWXUHYHUVLRQPXVWEHHTXLSSHGZLWKVHQVRUVPRQLWRULQJWKHDWPRVSKHUH
SRVLWLRQLQJVFDQVSHHGDQGOD\HUKHLJKW
7KHFXVWRPPDGHVOLFHUVKRXOGLQFOXGHDGGLWLRQDOIXQFWLRQDOLW\(JLPSOHPHQWDWLRQRIRSWLPL]HGVFDQVWUDWHJLHV
OLNHWKHRQHVSURSRVHGE\0RKDQW\HWDO WRDYRLGGHIRUPDWLRQVGXULQJSURFHVVLQJVKRXOGEH
LQWURGXFHGGLUHFWO\LQWRWKHFXVWRPPDGHVOLFHUDOORZLQJVFDQVWUDWHJ\RSWLPL]DWLRQSHUJHRPHWU\
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